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mTRODUCTICN

l

It was recognized., many years a.go., that certain di sea.sea were
due to dietary deficiencies.

In recent years considerable research

has been directed toward the study of factors which influence the
utilization of carotene and v.i. tamin A.

Vitamin A was one of the

first substances discovered which would ca.use diseases due to a lack
of it in foods.

A deficiency of vi tami.n A results in a number of

clinical symptoms, some of the symptoms due to a lack of vitamin A
are loss of weight., decreased resistance to infection., and xerophthalmia.
The disease caused by a specific vitamin deficienty can usually
be cured by administering substances containing the particular vi tamin or provi tamin.

There are several provi tamin A pigments ( carote-

noids) found in plants.

The roost active of these pigments., as a pre-

cursor for vitanrln A., is @-carotene .

The following structures of

/I-carotene and vitamin A a.re those established by Kuhn and Karrer (l).

~
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" -carotene has been a.dopted as the International Standard of
vitamin A activity.

The unit is the biolo gical e.otivity of 0.6 micro-

grams of the pure crystalline compound.

Theoretically one molecule of

ti-carotene should yield two molecules of vitamin A. but experiments
with rats indicate that the quantity of vitamin A produced frm /'-carotene depends largely on the experimental conditions.
Although vitamin A is one of the oldest of the vitamins. very
little is known concerning its mode of action in the animal body besides its well established role in the visual cycle {2).

Vitamin A

is fat soluble and it is absorbed through the l~phatic system.

The

vitamin is stored chiefly in the liver, al though substantial amounts
may be found in lungs and kidneys ( 3) •

Since vitamin A is required

by the a.dult for reproduction and lactation and since it aids in the
maintenance of resistance to bacterial invasion, the capacity of the
body to store this vitamin is a wise provision of nature.

Above the

minimum physiological requirement. the storage of vitamin A inoreases
with intake of the vitamin.

On

the other hand, the stored vitamin A is

used rapidly when the food intake is lacking in this vitamin until a
certain apparently critical vitamin A level in the liver is reached;
thereafter, the rate of depletion is much slo-wer.

These observations

suggest that a special vitamin A utilization mechanism exists in the
organism when the supply becomes critical.
One of the oldest vitamins known has been considered in the above
discussion. Now let us consider one of the newest vitamins discovered•
vitamin B12•

This substance was first reported in 1947 by Shorb ( 4) •

and since its discovery. the vitamin has been studied extensively.
Shorb's work led to an unidentified growth factor in refined liver
extraot which was necessary for the growth of Lactobacillus-lactis (6).
This refined liver extract has already been used in the treatment of
pernicious anemia• and this suggested a relationship between the unidentified factor and the antipernioious anemia factor.

Early in

1948• Rickes and associates and Folkers ( 5) announced the isolation
of a biologically active pure orystalline material from clinically
active liver concentrates.

They gave it the name of vitwni.n B12•

These workers are some of the pioneers concerning the chemistry ot
vitamin B12 •

From their investigations the partial and provisional

formula for the vitamin has been elucidated ,,bj_ch is as follows:

Vitamin B12 (partial and provisional formula)
Vite.min B12 is water soluble ard is absorbed through the walls
of the intestine into the blood stream.
oellent sources of vitamin B12•

The liver and kidney are e,:;..

Beef muscle is a good source.

The

potency of vi ta.min Bl 2 in pork varies with the dietary intake of vitamin B12 by the animal (8) •

The formula for choline is as followsa

Choline (trimethyl-hydroxyethyl-ammonium. hydroxide)

4

That choline should be classified as a. -vi tam.in is debatable because it is synthesized by the body.

Furthermore. the quantities of

choline which are required by the organism. are considerably larger
t han most substances considered as vi te.mins.

However• in many animal

species, a deficiency of choline, or of choline precursors, leads to
certain well defined ~ptoms which are suggestive of vitamin deficiency diseases {8) •

In choline deficiency. the organism appears un-

able to form sufficient phospholipids to provide for adequate metabolism. and transport of fats.

In this connection it is interesting that

vi tam.in B12 has been implicated in the conversion of carbohydrates to
fa.ts ( 21) •

Excellent sources of choline include bra.in. egg yolk•

heart, ld.dney,liver. sweetbreads. tongue and yeast.

HISTORICAL
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"9-carotene was discovered by

ackenroder in 1831 (9).

It was

obtained as ruby-red crystals from the root of the cultivated carrot,
and as a result, was given the nsme •carotin. •

Due to the standard

methods of naming organic compounds, the name 11\)arotin • wa.s changed
later to carotene.

The number of carotenoid pi~ents has increased

to 30 or more since this discovery by Wackenroder.
Vitamin A activity was first associated with carotene by the observations of Steenbock in 1919 (10).

These observations were later

confirmed by von Euler et al. (11) • and Moore (12).

~ -carotene was

found to be the most potent ( 13) of all the carotenoids having vi tamin A activity.

Apparently this is the reason that ,'-carotene has

received the greatest attention as a provi-tamin A substance.
Since the discovery of vitamin A by Mccollum and De.vis (14) in
1915, it has been shown that vitamin A is a very important substance
to the normal nutri'bional state of animals.

The need for this vitamin

by animals as well as for other vi-tamins, is recognized by its absence
ra-ther than by its presence.

A lack of vitamin A results in loss of

weight and decreased resistance to inf'ection.

Neither of these symp-

toms is specific. ffllat is specific is the developmen'b of xerophthalmia, a disease in which the eyes become hemorrhagic, inorusted and infected.

Probably the earliest symptom is nycte.lopia, or partial night

blindness; therefore, the utilization of vitamin A by animals is of
great importance.
A criterion for determining -the extent of carotene utilization by
anit11a.ls is the storage of vitamin A in the livers.

Osborne (15) in

1918 stated that the liver is the chief site of storage of vitamin A

6

and Sherman (16) and also Moore (17) have shovm that 90-95 per c ent

of the vi twnin A found in the rat occurred in the liver•
A great deal of progress has been made since the isolation of
vitamin B
in 1948.
12

Folic acid had. been found to b e ineffective in

some cases of pernicious anemia and the search for an effective fac-

tor was continued.

This search for such a factor led to an unkn0l1Il

substance, called •rac-tor

x.•

'-n.imal protein factor.•

The animal protein factor or factor Xis

Later this factor became known as the

the same as vitamin B12 according to Hartman et al. (18) •
The work of Cabell and Ellis suggested that, at least, one missing factor besides vitamin A that is required to promote optimum
growth in rats maintained on the U. S. P. vitamin A bio-assay die-t
has been found in liver extract (19), and according to Hartman and
associates (18) this factor is apparently identical With vitamin B12•
It is well established that vitamin A is essential for growth and
there seems to exist to some extent an inverse relationship between
growth and hepatic vitamin A storage ( ro).

These observations coupled

with the obscurity of the mechanism. of action of vita.mm B1 2 in stimulating growth and supplementing of the U. S. P. vitamin A bio-e.sse.y
diet with either vitamin B12 or liver extract, suggested a need for
a.n i nvest i gation of the effects of vitamin B12 on the storage of vitamin A from carotene and vitamm A fed to rats.
In 1953 High and 1ilson ( 22) reported that an interrelationship
exists between vitamin B12 and the metabolism of carotene.

The re-

sults of their investigations seetn. to indicate conclusively that liver
extract and vi tam.in B12 increase both growth and deposition of vi ta-

7

min A f'rom carotene fed.

These workers also found that there were no

significant differences in the effects of the vi tam.in B12 from the various sources.

However• they pointed out that the marked effect of vi-

tamin B
in increasing the utilization of carotene for tissue deposi12

tion of vitamin A, as opposed to its comparative ineffeotiveness with
respeot to a deposition of performed vitamin A, suggests an effect on
the provi tam.in prior to its conversion to vi temin A.
The reports of Schaefer and associates ( 23) and Gillis and Norris (24) suggest that an inter-relationship exists between vitamin B12
and transmethylation reactions which seem to be centered arolm.d the
metabolism of' choline.

The vitamin bas been demonstrated to protect

weanling rats against kidney hemorrhage produced by a diet low in
choline and methionine and to reduce the choline requirement o.f young
ohi ckens ( 24) •

The data of' Popper and Chinn ( 25) indicate that choline deficiency impairs the utilization of both carotene and vitamin A for hepatio deposition.

Another report of Guerrant and Thompson in 1952 (26)

suggested that choline did not increase the utilization of vitamin A
.for growth in rats maintained on the

u. s.

P. bio-assay diet supple-

mented with preformed vitamin A.
This investigation was designed to gi. ve more information relative
to the mode of' action of vitamin B12 on vi tam.in A utilization £ran
carotene fed.

MATER~ AND METHODS
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A•
Chloroform.

SOURCE AND PREPARATION OF REAGENTS
Both

u. s.

P. and recovered chloroform were dried

over anhydrous potassium carbonate and di stilled from the same reagent.
Diethyl Ether .

Canmeroial ether was mixed thoroughly wi. th acidi-

fied ferrous sulfate solution.

This was followed by drying the ether

over anhydrous potassium carbonate and distilling it from the same reagent.
Activated Glycerol Dichlorohydrin .

Glycerol dichlorohydrin was

treated with antimony trichloride and distilled according to the metb.od of Sobel and Werbin ( 27) •

The sensitivity of the reagent depends

upon the quantii;y of the antimony which distilled in the complex as
well as possible other factors
Purified Skelly Solve B.

(&>).
Commercial (Skelly Corp.) petroleum

ether (B. P. 00-7o 0 c.) was extracted with two portions of fulling sulfuric acid.

This acid extraction vras followed by a 10 per cent sodium

carbonate wash and a 5 per cent alkaline potassium permanganate wash.
(The potassium permanganate solution consisted of 5 per cent of this
reagent in a 10 per cent sodium carbonate solution.)

These operations

were followed by washing tile hydrocarbon fifteen times with water.
drying over sodium. and distilling from the same reagent.

The first

5 per cent and the last 10 per cent of the distillate were discarded.
Preparation of Antimony Trichloride

~

Chloroform.

Antimony tri-

ohloride was rapidly weighed and transferred to an amber glass stoPpered bottle containing 100 ml. of dry chloroform.
dissolved by warming and shaking the container.

The so lute was

The resulting solu-

9

tion was filtered through a Number 12 'Whatman filter paper into a
clean, dry amber stoppered bottle and it was stored in a dark, cool
plaoeo
B•

Composition

DIETARY SUBSTANCES

2£ Vi temin

A - Free ~ (D &:l)

Parts

Constituents

Source

Case in (vitamin A f'ree)

18

Sheffield Farms Co.,
Inc., New York

Dextrose

58

Local Grocery Store

Salts (composition below)

4

Brewers' yeast

8

10

Crisco

Proctor and Gamble
Cincinnati, Ohio
Standard Brands, Ino.
New York

Irradiated yeast
Composition

Anheuser-Busch, Inc.
St. louis, Missouri

2£ ~ 'Mixture

Constituents (C. P .)

Perts

Sodium chloride
Potassium dihydrogen phosphate

40.9

Magnesium sulfate (Ygso 4 ' 7Hi>)
Calcium Carbonate

40.0

Ferric citrate
Manganous chloride (:MnCl 2 4H~) •

o.47

Zinc chloride
Copper sulfate (CuS0 4 ffiz))
Potassium iodide

1.0

The above ingredients were pulverized separately to a fine homgeneous state in a mortar after which they were mixed thoroughly.
•Both manganous sulfate and zinc sulfate !fll.y be substituted for mange.nous
chloride and zinc chloride.

10
C•

PREPARATION OF SUPPLEMENT MA.TERIAI.S

The carotene and choline supplements were prepared in substantially the same manner as previously indicated ( 28) •
Carotene.

Carotene {90 per cent beta plus 10 per cent alpha

carotene), obtained from General Biochemicals, Ino., Chagrin Falls,
Ohio, was dissolved in peroxide-free ether and added to the required
amount of cottonseed {wesson) oil to give a concentration of 30 micrograms of carotene in 0.2 ml. of the oil.
reduced pressure on a warm. water bath.

The ether was removed under
The solution was stored at

4°C. under nitrogen in a low actinic flask.

Choline.

The desired amount of choline, obtained from General

Biochemicals, Inc., was dissolved in a solution consisting of equal
volumes of alcohol and ether.

This mixture was added to the required

amount of cottonseed oil to give a concentration of 25 mg. of choline
per 0.2 ml. of the oil.

The other and alcohol were removed by gently

heating the solution in a suction flask under reduced pressure.

This

solution was kept under refrigeration when not in use.
Vitamin B12•

The required amount of vitamin B12 (Lederle's Nor-

mocytin) was dissolved in a determined amount of sterile isotonic
saline solution to give a concentration of 0.28 micrograms of the vi~

ta.min per 0.2 ml. of the solution for intl:IJlUscular injections.

This

solution was stored under aseptic conditions when not in use.
Each supplement was allowed to come to room temperature before
ad.mini strati on.
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CARE OF ANIMAL.$

1.

Method

2£. Prepe.rin~

Vi-tam.in~ Deficient Animalsa

All rats used in the experiments were albinos of the Wiste.r
Strain.

The rats were approximately four weeks old when received.

These rats were placed on a vitamin A deficient diet (D-&>), after
being suitably marked for identification, and separated as to sex.
They were placed in groups of twelve to fifteen rats per galvanized
iron oage.

The cages were approximately 22 inches long, 20 inches

wide and 15 inches high.

Approximately four to five weeks were re-

quired for the animals to develop vitamin A deficiency, -which was established by the plateauing of weight or the development of ::mroph.thalmia.

All rats were allowed to drink and eat •ad libi tum• during

this period.

As soon as vitamin A deficiency was established, the an-

imals were divided into groups consisting of approximately the same
number of' males and females of approximately the same weight and
growth record.
Each rat was transferred to individual galvanized iron cages for
supplementation and with the exception of the supplements all rats
were maintained on the same vitamin A deficient die-t; and they were
housed in an air conditioned room maintained at a temperature of 2527 degrees
2.

c.

Method

2f Supplementin~a

The method. of supplementing carotene and choline was substantially the same as that employed by High et al. (29).

The period of

supplementation was 21 and 22 days.
The carotene and choline supplements were administered daily bydropping 8 standardized drops of the Dii.terial onto a. small amount of
the basal diet.

The vitamin B1 2 supplements were given by intramus-

12
cular injections employing a sterile graduate hypodermic syringe.
The control group ( Group I) received &> ¥' of carotene in
0.2 ml. of cottonseed (Wesson) oil per rat per day.

Group II re-

cei ved in addition to &> I' of carotene daily, intramuscular injections of saline solution containing
other day.

o. 28

J' of vi tam:in B12 every

Group III received in addition to the carotene, daily

supplements of 25 mg. of choline hydrochloride in 0.2 ml. of

esson

oil and Group IV received, in addition to the same amo'lm.t of carotene
as the other groups, 25 mg. of choline hydrochloride in

o. 2 ml.

of

esson oil daily plus intramuscular injections of vitamin B1 2 every
other day for 21 days.

In all cases each animal received a total

of 0.4 ml. of the oil per day.

The food (D &>) was removed fraD.

the cages e.ppro:dma.tely 5 hours before feeding the suppl~mants.

fuen

all the supplements had been consumed the animals were allowed the

basal diet "'ad libitum• until the next morning when the same procedure was repeated until the end of the supplementation period. At
the beginning of the supplementation period some of the animals did
not consume the diet readily, but after a few days on the diet the
supplements were consumed within about &> minutes.
The gain in weight of each e.nime.l was recorded each week during
the supplementing period.
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E.

PREPARATION OF CALIBRATION CURVE

The vitamin A standard for calibration purposes was prepared by
employing the U. S • P. vitam in A reference standard which contained
3.44 milligrams of vitamin A acetate or 2 milligrams of alcohol per
gram or a biological potency of 10.000 U.

s.

P. 1mits of vitamin A

in each gram.
An accurate weight of 400 milligrams of the vitamin A reference

standard was dissolved in dry chloroform and diluted to exactly 100 ml.
in a volumetric flask .

The stock solution was diluted with chloro-

form to the desired vitamin A concentrations and two ml. aliquots of
these dilutions were added to 4 ml . of the activated glycerol dichlorohydrin reagent in a colorimeter tube.

After standing for 2 to

2 1/2 minutes, for maximum color development, readings were made employing a 540 milli- micron filter.
Calibration curve is on the next; page.

· R.9. I.
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F • PROCEDURE OF ANALYSIS FOR VITAMm A IN THE TISSUES

The procedure was the same as that employed by High (30):
•Approximately 16 hours after administration of the last supplement, each rat was sacrificed by employing ether.

The livers and kid-

neys were removed promptly, and each organ was added to a previously
weighed 200 ml. Erleillllyer flask containing approximately 00 ml. of
water.

Following the weighing of each flask plus tissue to ascertain

the weight of' the tissue, each organ ,\'8.s homogenized in a Waring Blend.or.

The homogenates was saponified with 25 ml. of 15 per cent etha.-

nolic potassium hydroxide at oo<>c for approximately one-half' hour.
Following the cooling of' the saponified tissue. they were extracted
in 500 ml. separatory funnels with four 00 ml. 10 per cent potassium
hydroxide wash. and three 00 ml. water washes or until the wash water
gave no color with phenolphthalein indicator solution.
-:fhe ether extracts prepared above were dried over anhydrous potassium carbonate. filtered, and the potassium. carbonate was washed
w:i. th two 25 ml. portions of ether• in order to remove adhering vi-

tamin A, and the wash solutions were combined with the other extracts
which were evaporated to dryness in a 200 ml. suction flask under reduced pressure.

In order to facilitate evaporation, each flask was

heated gently on a warm water bath during this operation.
residues were dissolved in 10 to ro ml. of chloroform.

The dried

The quantity

depended upon the concentration of vitamin A. and 2 ml. aliquots of
these solutions were added to 4 ml. of activated glycerol diohlorohydrin in a colorimeter tube.

After mixing the solutions thoroughly

and allowing them to stand for 2 to 2 1/2 minutes for maximum color
evelopment. the intensity of colors developed were ascertained vnth

15

a Klett-Summerson colorimeter employing a 540 millimicron filter.
The values obtained were converted into micrograms of vitamin A by
employing a calibration curve for the reagent used and the aliquot
of solution employed.•
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G.

PROCEDURE OF ANALYSIS FOR CAROTENE IN FECES

Feces from animals during the middle period of supplementing
were collected for a 48 hour period and analyzed for carotene.

The

feoes of all the animals in each group were pooled and kept under refrigeration until analyzed. After the 48 hour collection, the feoes
. .vere weighed, homogenized in a

aring Blend.or with 50 ml. of water

and saponified for ID minutes wi. th 25 ml. of 15 per oent alcoholic
KOH at

rooe.

5 minutes.

The saponified feces were cooled and centrifuged for
The supernatant liquid in each tube was decanted into

roo ml. separatory funnels and the carotene was extracted with £our
ro ml. portions of peroxide-free ether. The residue in the centrifuge tube was washed four times with 25 ml. portions of ether and
each washing added to each extraction in the separatory funnels.

The

e ,her extracts were washed with a 50 ml. water wash; a 50 ml. 10 per
cent potassium. hydroxide wash; and three water washes or until the
wash water gave no color with phenolphthalein indicator solution.
The et er extracts prepared above were dried over anhydrous potassium carbonate, filtered, and the potassium carbonate was washed
with 25 ml. portions of ether in order to re!lX>ve adhering carotene.
The wash solutions were combined with the ether extracts which were
evaporated to dryness in a 2fi0 ml. suction flask under reduced pressure. During the evaporation each flask was heated gently on a warm
water bath.

The dried residues were dissolved in chloroform and di-

luted with sufficient chloroform to enable a precise detennination
of the absorption spectra of the fecal pigment employing a Beckman
spectrophotometer.
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An analysis of the carotene fed was made by dissolving a requi-

site an:ount of the supplement in 10 ml. of chloroform and analyzing
spectrophotometrically.

A comparison of the absorption spectra of

the carotene fed with that of the carotene excreted indicated that
the two pigments were the same.
The feces f'rom animals that received no carotene were carried
through the salll8 procedure of analysis as for the animals that received carotene.

The data obtained were used to correct for irrele-

vant absorption due to the feces.

EXPERIMENTAL

18

H.

PROCEDURE OF ANALYSIS FOR VITAMIN A lN THE BLOOD

The rats were anesthetized withe ther.

Blood drawn after cardiac

puncture into a syringe moistened inside with a little heparin or ox.alate solution.

The sample was transferred to a centrifuge tube and

plasma separated by spinning .

The plasma was poured into a measuring

cylinder and then transferred to a small separating funnel.

An equal

volume of ethanol was added slowly with constant agitation to the
plasma.

The plasma was saponified with potassium hydroxide and the

vitamin A was then extracted by shaking twice with an equal volume of
light petroleum ether (B. P.

40-ro 0 c.).

The combined extracts were

freed from solvent on a warm water bath in a nitrogen atmosphere and
the

dry

residue was made up to a

o. s ml.

volume with ethanol free

chloroform in a colorimeter tube.
A sample of the test solution was placed in the colorimeter tube
which was already :in position in the tube holder, and two drops of
acetic anhydride were added as a precaution against turbidity.

Five

ml. of the ant:i.nlony trichloride reagent were run into the tube from a
quickflowing burett and readings were recorded as quickly as possible .
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A.

RESULTS OF THE CAROTENE-VITAMIN B

---- - - ---- ----

-CHOL.INE DATA
12

In order to inhibit the microbial synthesis of vitamin B1 2 in
the intestinal traot, approximately 10 days before the period of supplementation, rats were fed the vitamin A-deficient diet containing

2 grams of sulfasuxi.dine per kilogram of the diet.

The resulting

vitamin A and vi ta.min B -deficient rats were divided into groups of
12
equal sex and growth rate and they were supplemented for 21 days with
the test substances.

The control animals received the carotene alone

in cottonseed oil as the supplement and the experimental groups received with the daily carotene either intramuscular injections of
0.28 ug. of vitamin B12 every other day, or daily supplements of
25 mg. of choline hydrochloride dissolved in cottonseed oil, or the
vitamin B12 injections plus the choline hydrochloride.

The results

of this study are summarized in Tables I-IV.
Data summarized in Tables I and II illustrate the ef:fect of vitamin B12 on the utilization of carotene by the rat.

The animals

which received carotene plus vitamin B12 showed a greater deposition
of vitamin A than the animals v1hich received carotene only.
observations are in agreement with the report of High and

These
ilson

that vitamin B12 enhances 'Vitamin A deposition from carotene fed (22}.
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TABLE I
(Controls) Storage of Vitamin A in Rats Fed 30t' of Carotene Plus
of Cottonseed Oil
Rat

Vitamin A Stored;Micrograms
1
ro=EiI
Xiffiiey

tiver

M

23.1

37.5

ro.6

F

33.2

11.5

44.7

M

46.9

10.8

57.7

M

31.5

10.7

42.2

F

39.8

5.8

45.6

34.9

13.8

Average

o. 2

ro.2 ~

ml.

-

3.9~

*The standard error of the mean=-V~ (X-,cj3/f],cn-,)7
Where: X = Individual Values, x '= the group mean. n ~ the number of
individuals per group

TABLE II
Group II, Storage of Vitamin A in Ra-t;s Fei 30
of Vi ta.min B 12

a- of

Carotene Plus 28

r

Vi'bamin A Stored, Miorograms
Rat

Liver

Kidney

Total

F

75.8

3.6

79.4

M

35.3

21.6

56.9

F

86.6

1.2

93.8

F

41.8

9.l

f,().9

59.9

10.4

70 • 3 ::J:. 5. 57*

l.rhe 0.28 <1 of vi 'be.min B12 (Normooytin) was injected intra.muscularly
every other day for 21 days •

•S. E. M.
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On the other hand, data summarized in Tables I and I !fillustrate
the effect of choline on carotene utilization.

There vra.s

a signifi-

cant increase in both the liver and total vitamin A deposition in the
rats supplemented with choline.

It should be mentioned here that

these animals showed a greater growth response than any other group.
As previously indicated the animals of Group IV received in addition to 30 microgram of carotene, 25 mg. of choline daily £or 21 days
plus intramuscular injections of 0.2 ml. of saline solution containing 0.2a micrograms of vitamin B12 every other day.

Data summarized

in Table IV illustrates the effects of' both choline and vitamin B

12

on the utilization of carotene by the rat.

The an:ima.ls of this group

showed a greater deposition of vitamin A from carotene fed than the
control animals (Table I).

As expected, the rats of this group e:x,-

hibi ted a greater deposition of vitamin A from carotene fed than the
controls (Table I), but the magnitude of the increase in deposition
does not indicate that the effect of' choline and vitamin B12 are
additive under the experimental conditions of this study, for there
was no significant difference found between the animals which received carotene plus vitamin B12 (Table II) and the animals which received carotene plus vitamin B1 2 and choline.
B.

-

RESULTS OF VITAMIN A IN THE BWOD

-------

Because the report of High and ililson (22) indicated that vi ta.min B12 increased the utilization of carotene in the rat, it was of
interest to investigate the effects of these substances on the vitamin A level of the plasma.

Therefore when the animals were sacrificed

for tissue analysis of vitamin A, blood was collected after cardiac
puncture and analyzed for vi ta.min A as previously described.
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TA.BIE III
Group III

Storage of Vi temin A in Rats Fed
of Choline
VI.TAIDN

Rat

Li-ver

ro I' o:f Carotene Plus 25

A STORED MICROGRA
Kidney

Total

F

61.3

2.8

64.l

F

82.3

3.6

85.9

M

34.0

10.1

44.7

F

51.4

5.8

57.2

57o3

5.7

63.0

Average

mg.

t:

8.6:S-

•standard error of the mean
TABLE IV

Group IV Storage of Vitamin A in Rats Fed 30 t' of Carotene Plus 25 mg.
Choline Plus Intramuscular Injection of 0.28 y
of Vi tamm B
12

Rat

Liver

Vitamin A Stored Micrograms
Total
Kidney

M

72.9

3.6

76.5

F

64.9

2.a

67.7

M

37.7

18.0

55.7

F

54.8

5.0

59.8

F

82.l

3.3

85.4

62.5

6.5

69.0 _,_ 5.9~

Average

•S. E. M.
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The results of the blood vitamin A analysis a.re presented in the
The data indicate that neither vitamin B12 nor

following table.

choline significantly affect the plasma vita.min A level.

TABLE V
The Effect of Vita.min B1 2, Choline, and Vitamin B1 2 Plus Choline on
the Amount of Vitamin A Found in the Blood of Rats Fed Carotene

Group

I
II
III

IV

Daily
Supplement

ro r

Days
Fed

No. of
Ra.ts &
Sex

1/

Vitamin
100 ml• Plasm.a

21

6 (a!)

30
Carotene ./
0.28 J-- Vit. B12

2l

6 (m)

17

30 <r Carotene ./
?5 mg. choline

21

6 (~)

19

30 g- Carotene ./
O. 28 d- Vit. B1~
25 mg. Choline

21

s (mo

23

Ce.ro·bene

r
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c. RESULTS

OF CAROTENE EXCRETED

During the middle of supplementing. the feces from animals were
collected for a 48 hour period and analyzed for carotene as previously
indicated.
From the analysis of carotene fed and the amount of carotene ex,.
crated in the feces. the percentage of carotene excreted was determined
for each group.
The results obtained are summa.rized in the following table

TABLE VI
FECAL EXCRETION OF CAROTENE

Group
I

II

III

IV

Diet Animals
Received

Percent of
Carotene Excreted

30 t- Carotene
30 d"'" Carotene ./
O. 28 er Vit. B1 2

57.7

30 r Carotene ./
25 mg. Choline HCl

65.6

r

Carotene ./
25 mg. Choline HCl ./
0.28 Y Vit. B12
30

65.0

Although the animals that received vitamin B12 with carotene ap,peared to have excreted slightly less carotene than those in the other
groups, this difference is not considered significant because it falls
in the normal range of variation for a given group.

DISCUSSICN AND CCNCLUSICN
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Vitamin B
administered as Normocytin increased markedly the dep.12
osi tion of vitamin A from carotene fed to rats.
agreement with those reported by High and

These findings are in

ilson (22).

Beoause these

workers folm.d that vi tam.in B12 was comparatively inef'fective toward the
utilizati on of preformed vitamin A, they suggested that the vitamin
principally effects carotene prior to its conversion to vitamin A.
It has b een reported that vitamin B12 is involved in methylation
reactions which seem to be centered aro\md the metabolism of choline ( 23, 24, 7) and it has been demonstrated th.at vitamin B
protects
12
weanling rats against kidney hemorrhage produced by a diet low in choline and methionine ( 23) and to reduce the choline requirement of young
chickens ( 24) •

Also Popper e.nd Chinn ( 25) f'ran. experimental evidence

suggested that liver storage of vitamin A depends upon the choline intake.

Obviously, these observations suggest that the effect of vita.-

min B
in carotene metabolism T.DJ1.y be implicated in the effect of the
12
vitamin on the metabolism of choline.

The fact that the animals fed

choline exhibited a greater deposition of 'Vitamin A from carotene fed
than the control animals indicates that much an indirect effect may
have been in operation in these experiments.
On the other hand, the effects of choline and vitamin B12 seemed

not to have been additive because the addition of choline to the diet
of rats did not enhance vitamin A deposition above in.at of rats that
received vitamin B12 alone as supplement.

This wruld be expected, if

the effects of vitamin B12 on carotene metabolism is concerned with the
metabolism of oho line and if the choline ma.de available by the vi ta.min B12 was at its optimum level for increasing carotene utilization.

The W.R. Banks Library
Prai rie View A. & M. College
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However, vitamin B12 either in ttie presence or absence of choline
gave rise to a greater deposition of vita.mi.n A than did choline alone.
This suggests that only part of the effect of vitamin B
on carotene
12
metabolism oan be explained on the basis 0£ its effect on choline meta.boli sm.

Therefore, it appears that there is an additional mde of

action of vitamin B
that this hypothesis does not satisfactory eJt",,o
12
plain.
The possibility that vitamin B12 and/or choline might increase vitamin A deposition f'rom carotene fed to rats by virture of their effects

on the absorption of carotene in the alimentary tract was considered.
Under the experimental conditions of this study there was no significant difference in the percentage of carotene excreted in the feces of
animals fed vitamin B12 and/or choline as supplements.

Therefore, it

does not seem tha-t the increase in deposition of vitamin A can be ex,.
plained on the basis of' an increase in the absorption of carotene in the
alimentary tract.

In this connection it might be mentioned that neither

vitamin B12 nor choline effected plasm.a vitamin A level.
Although further data will be required before conclusive state,

men-ts can be me.de relative -to the total mode of action of' vitamin B
12
on carotene meta.boli sn, the results of this investigation indicate that
part of the increase deposition of' vitamin A from carotene fed to rats,
'Which is induced by vitamin B12 can be explained on the basis of vi ta.min B12 reducing the requirement for an exogenous source of choline.

SOO!ARY
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Young albino rats deficient in vi tam.in A and vitamin B

12

were

supplemented daily for 21 days with 30 micrograms of carotene dissolved in cottonseed (Wesson) oil.

Control rats received the carotene

only as supplement and the experimental rats reoei ved vitamin B12
and/or choline as supplement.
The intramuscular injections of vitamin B12 as Normocytin with
sulfasu:xidine in the diet increased tissue deposition of vi.tam:in A
from carotene fed.

Choline was found to increase 'vitamin A deposition

from carotene fed, but the increase was of a smaller order of magnitude than that observed with vitamin B12•

The mode of action of vita-

min B12 in increasine; vitamin A deposition from carotene fed• seemed
not to have been concerned with the absorption of carotene in the alimentary tract. for no significant difference in the fecal excretion of
carotene was observed between groups.

Also vitamin B12 and/or choline

did not affect the plasma level of vi tam.in A.
The results of this investigation suggest that the m:,de of action
of vitamin B12 on carotene metabolism can be explained• at least partially, on the basis of the effects of vitamin B12 on choline metabolism.
The significance of these observations is discussed.
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